The Global Positioning System (GPS) is widely used by the civil community. Differential GPS (DGPS) was developed to provide better accuracy than autonomous GPS. The DGPS concept is based on the high correlation of errors due to atmospheric effects, satellite clocks and orbits. However, as the baseline grows, its efficiency decreases because the error correlation is reduced. This limitation can be handled by using a reference station network and applying the network DGPS concept (called NDGPS). In this paper, the goal is to present aspects related to the development and application of NDGPS in real time at the São Paulo state network in Brazil. The NDGPS corrections were computed from data received via the Internet using NTRIP (Networked Transport of RTCM via Internet Protocol). Our implementation was based on BNC (BKG Ntrip Client) software. NDGPS provided RMS improvements of up to 59% in horizontal components and 31% in vertical components when compared to DGPS. The availability of the system, the first of this nature in Brazil, was also analyzed within the context of the SP State GNSS Network, located in the southeastern region of Brazil. The results also serve as an indication of the quality of local internet infrastructure for using in geodetic positioning.
Introduction
The Global Navigation Satellite System (GNSS) is widely used in several applications. Several positioning techniques have been developed and improved upon, mainly to explore the capability of GPS to provide precise coordinates in real time.
A positioning technique that has been widely used in recent years is Differential GPS (DGPS). This method uses the pseudorange as a basic observable (C/A code) or as the pseudorange smoothed by the carrier phase. DGPS has been used in several applications, such To carry out the experiments using the NDGPS technique, data from the SP/Network in Brazil were used. The data are available in real time over the Internet using the NTRIP (Networked Transport of RTCM via Internet Protocol) protocol (Weber et al., 2005) .
The theory for applying the NDGPS is described below. In addition, we present the network configuration and a description of the experiments and analysis conducted to demonstrate the performance of the method, including the availability of the system.
GNSS/SP Network
The Brazilian GNSS Network (RBMC --Rede Brasileira de Monitora- 
where PD ( ) is the pseudorange measurement related to receiver and satellite at epoch; ρ ( ) is the geometric distance between the satellite in the transmission time and the receiver in the reception time; is the vacuum light velocity; is the mean receiver clock error; and is the satellite clock error.
Because the pseudorange corrections are computed at the and +1 epochs, it is possible to determine the correction variations between these epochs:
The correction ∆ ( ) to be applied by the user at epoch is given by:
where ∆ ( 0 ) is the correction at reference epoch 0 and∆ ( 0 ) is the correction rate.
Finally, the corrected pseudorange of the user PD at epoch is:
As stated above, in the DGPS concept, it is assumed that there is a high correlation of the error between the base and rover stations if the two stations are close enough together. The accuracy that can feasibly be obtained using C1 corrections (pseudorange an L1) is approximately 1 to 3 m, depending on the distance from the reference station (Seeber, 2003) .
NDGPS
Today, the existence of network reference stations is a reality in many countries. Reference station data have been widely used by the scientific community in network-based RTK (Real Time Kinematic) (Fotopoulos and Cannon 2001, Landau et al., 2002) .
This type of positioning can provide centimeter-level accuracy with correct ambiguity solutions and a dense network. Another potential method is to employ NDGPS (Chang and Lin, 1999; Bakula, 2006 Bakula, , 2007 Bakula, , 2010 . In NDGPS, it is possible to obtain sub-meter accuracy using only pseudorange observables. In Brazil,
where the reference stations are approximately 200 km apart, as in the GNSS/SP network, NDGPS may be an appropriate strategy.
Using the NDGPS method, it is possible to minimize the decorrelation errors by applying a reference station network, thereby improving the positioning results. The differential corrections are computed, individually, for each network reference station using equation (1). However, to apply the corrections to the user station, a single value of correction must be obtained for each satellite.
Thus, an interpolation method must be used.
There are several interpolation models that can be applied. Among them, the weighted-distance interpolation has been tested previously in network-RTK (Alves and Monico, 2010) , and it yielded consistent results.
Equation ( 
where is the number of reference stations, is the satellite number, ε is the DGPS correction to the reference station, is the sum of , and = 1/ , with being the distance between the reference station and the user position.
The multiple reference station concept was developed to provide accurate positioning together with increased reliability, availability and integrity of positioning.
Real Time Method Description
As stated previously, NTRIP was used to perform the experiments in (5)) and are sent using the Internet infrastructure. Figure 4 presents the data flow in this application.
To realize the NDGPS, an application was developed based on BNC (BKG Ntrip Client) software available from the BKG (Bundesamt für Kartographie und Geodäsie) repository. This software allows data from several reference stations to be received concurrently. By employing this procedure, the DGPS/NDGPS specific application was defined and implemented using some of the ideas from the BNC application. This approach allowed for faster software development, making it possible to maintain the focus on our application's logical structure.
The network corrections were computed at the reference stations and used to determine the user position in Real Time. In both DGPS and NDGPS, PP (Point Positioning) can be used (Seeber, 2003) .
Therefore, PP was also implemented to develop the experiments.
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Experiments and Analysis
To assess the proposed methodology, several experiments were performed using data from the SP/Network stations ILHA, OURI, PPTE, SJRP and SPAR. The data were collected from October 20
to 22, 2010 (days 293, 294 and 295) , from approximately 08:00 to 17:00 (local time). Figure 5 illustrates the configuration of the stations. The NDGPS corrections were generated for the SPAR position, which was considered the user position. However, the SPAR observations were not used to compute the NDGPS corrections. To evaluate the NDGPS performance, the DGPS was established with the shortest baseline, SJRP-SPAR (121 km). In both cases (NDGPS and DGPS), the C1 generated corrections were used to accomplish the PP and to determine the user position.
The obtained coordinates were compared to the "ground truth" to assess the accuracy provided by the system.
Another important feature for analysis is the availability of DGPS and NDGPS positioning. All experiments were performed in real time, therefore, it was possible to lose data for some epochs because of random transmission errors or delays due to the Internet's infrastructure.
Accuracy Analysis
The accuracy analysis was based on the concepts presented by show that the discrepancies are larger for DGPS positioning. On average, the 3D mean discrepancy is 69 cm for NDGPS and 1.34 m for DGPS. The RMS improvements are presented in Figure 11 .
Observing Figure 11 , it is apparent that the NDGPS presents more accurate results compared to Figure 8 . This improvement is expected because the ionospheric effect affects DGPS to a greater degree than NDGPS, mainly at approximately 14 h, local time.
System Availability Analysis
All experiments were performed in real time, as described in previous sections. One important issue with this approach is the stability of the Internet and the availability of the system. At some epochs, the positioning could not be performed because of the loss of data from the base station or from the user station (rover), mainly due to failure of the Internet connection. Table 3 Journal of Geodetic Science 
Conclusion
We presented a NDGPS system that generates C1corrections for a network of reference stations in real time using the Internet. The and it will benefit users in general.
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